Arthritis is one of the most prevalent chronic health problems in the United States. [1] [2] [3] Arthritis comprises more than 100 medical conditions that affect the joints of 46 million American adults (21% of U.S. adult population). 4 Osteoarthritis (OA) is the most common form of arthritis in Americans (approximately 27 million), followed by fibromyalgia (5.0 million) and rheumatoid arthritis (1.3 million). 1, 2 As a leading cause of disability among adults, arthritis has a considerable impact on mobility, basic daily activities, employment, and quality of life. [5] [6] [7] In addition, the burden of poorer physical and mental health appears to be associated with arthritis. 8 Identifying populations at risk for arthritis is important for developing and providing optimal treatment and prevention strategies.
Injury, particularly to the joints, has been identified as a potential risk factor for OA. 9 Annually, sports contribute to 7 million injuries in Americans, 10 and previous reports have suggested that the development of OA may be more prevalent and occur prematurely in individuals who regularly participate in sports. 11 The incidence of injury is higher in football than in any other sport of comparable popularity. 12, 13 Previous literature examining the association between injuries and OA in football players is very sparse and based primarily on observations of small groups. 14, 15 The purpose of this study was to examine the prevalence of self-reported physician-diagnosed arthritis, particularly OA, in retired NFL players and to propose potential explanations (ie, primary playing position, years of playing professional football, and other health conditions) where an increased prevalence of OA is apparent. The prevalence of arthritis in the NFL retirees was compared with the prevalence in the general U.S. male population (using the National Health Interview Survey) and the relationship between injury and OA within the retired NFL players cohort was examined. ciated with OA: age at time of survey, body mass index (BMI) at time of survey, change in BMI from professional football to time of survey, years of playing professional football, primary playing position, current comorbid conditions (hypertension, cardiovascular disease, diabetes, and depression). Playing position was grouped into 3 categories based on typical height, weight, and type of activities performed during sport participation: 1) lineman (offensive line, defensive line, and tight end), 2) linebacker and running back, and 3) wide receiver, cornerback/safety, quarterback, and special teams. We also compared SF-36 scores on the physical and mental health components in those with and without OA.
National Health Interview Survey (NHIS)
The logical comparison group for the NFL retirees is the U.S. male population, matched on age. We obtained data on this population from the NHIS, a continuing, nationwide survey of approximately 40,000 households that provides health and demographic data on approximately 100,000 persons in the civilian noninstitutionalized population of the United States. 17 For our analyses, arthritis was defined as a "yes" response to the question, "Have you ever been told by a doctor or other health professional that you had arthritis?" Unfortunately, the NHIS questions do not distinguish between OA and degenerative arthritis.
Statistical Analysis
T-tests and chi-square tests were used to compare age, BMI, change in BMI from time of play to time of survey, years of professional football, primary professional playing position, cardiovascular disease, hypertension, diabetes, depression, and SF-36 physical function and mental health scores between groups with and without OA. Descriptive analyses were conducted to determine the prevalence of arthritis (OA, rheumatoid arthritis, and fibromyalgia) and OA, stratified by age. The age-specific prevalence of self-reported arthritis in the general U.S. male population was determined from the 2001 NHIS data, using sampling weights and SAS 9.1 (SAS Institute, Cary, NC) to account for the sampling design. Associations between presence of OA and types of injury were determined using binary regression models to estimate prevalence ratios, adjusting for age and BMI at the time of the survey.
Results
The overall response rate was 70% (2,538 players), with complete data for arthritis and OA from 2,529 and 2,523 respondents, respectively. The retired players had a mean age of 53.8 years (range 24 to 95 years), a mean BMI of 30.5 (range 14.8 to 56.2), played an average of 6.6 years (range 1 to 26) of professional football.
Materials and Methods

Study Participants
All living retired professional football players registered with the National Football League Retired Player's Association were eligible to participate in this study. Eligible retired players included pre-World War II professional football players through to recent retirees. Participants completed a general heath survey. By completing and submitting the survey, participants agreed to participate in this study. The study protocol was approved by the Institutional Review Board at The University of North Carolina at Chapel Hill.
Health Survey of Retired NFL Players
The general health survey included detailed questions about musculoskeletal injuries that the retired player experienced during his football career and his postretirement health conditions, including physician-diagnosed arthritic conditions. Questions on demographics, playing history, current diet, and current health status [Short Form-36 (SF-36) Health Survey] were included. The SF-36 is a 36-question quality of life survey that consists of physical function and mental health scales. 16 A higher score on a scale indicates a better health status. A total of 3,647 individuals were initially mailed the questionnaire in May 2001. The survey was mailed again to nonrespondents in August 2001 and February 2002. After these mailings, nonrespondents were contacted by telephone, and consenting players completed the survey over the telephone. The questionnaire was readministered to 25 of the original respondents 18 to 24 months after the initial questionnaire to determine reliability of this instrument.
Arthritis and Injuries
For analysis purposes, arthritis was defined on the Health Survey of Retired NFL Players as a "yes" response to 4 questions asking if the retiree has ever been told by a physician or health professional that he has or had OA, degenerative arthritis, rheumatoid arthritis, or fibromyalgia. Since OA is a degenerative disease of joint cartilage, it was defined as a "yes" response to either the question about OA or degenerative arthritis. Retired NFL players also provided a detailed history of injuries during their professional football career through an 18-item checklist of the most common and/or clinically significant football injuries. For analyses, the injury history data were grouped into the following categories: knee, arm, ankle, ligament, tendon, joint dislocations, fractures, and disc ruptures/herniations.
Participant Characteristics
We examined the following participant characteristics as covariates in our analyses because they may be asso-retirees. This hypothesis is supported by the fact that we observed a strong association between injury history and OA, regardless of type or location of injury. The existing literature on sports-related injury and OA supports this potential association. A small study of American football players examined 20 years after high school competition demonstrated an increased prevalence of knee OA in players who had sustained a knee injury. 15 In a study of young Swedish female soccer players who sustained anterior cruciate ligament injury, 51% had radiographic knee OA after 12 years. 18 Furthermore, it has been argued that repair or reconstruction of cruciate ligaments does little to delay the onset of OA following knee injury. 19 In addition, medial meniscectomy may be associated with knee OA. 20 Future OA research of football players should attempt to examine both injury and surgery history.
The transition from an active playing career to retirement is challenging for any professional athlete, and perhaps even more so in a high-profile sport like football. Physical activity was not measured longitudinally in our data, and thus, the relationship between decreased physical activity and accelerated development of OA and comorbidities in this cohort is unknown. Potentially, decreased physical activity during retirement may hasten the development of OA and comorbidities. Alternatively, the development of physical limitations due to OA may vastly complicate an already difficult transition and may initiate a cascade of health problems. The frequency of comorbidities has been suggested to be higher among individuals with rheumatoid arthritis and OA than those without arthritis. 8 Our data also show that OA is associated with a range of comorbidities that are associated with lack of physical activity, including overweight/obesity, hypertension, cardiovascular disease, and diabetes. The onset of OA may result in physical activity limitations that lead to the development of these comorbidities. The forced inactivity combined with the pain associated with the OA may explain the increased risk for depression in this group. The pattern of a medical condition leading to the development of other associated conditions may be described as a "snowball effect", which is difficult to stop once it begins. Thus, injuries during the playing career of NFL players shape not only their playing career, but also their health in retirement. Injury history, in a global rather than joint-specific sense, during a playing career is strongly associated with OA in retirement. When stratifying by playing position, offensive and defensive linemen reported the greatest prevalence of OA. In addition, these players are more likely to have the highest BMI (during playing career and retirement) and highest risk for cardiovascular disease. The significance of the finding that injury leads to early-onset of arthritis is not limited to professional athletes. Although NFL players are subject to particularly high levels of musculoskeletal stress, we expect that a similar association between sports injuries and OA holds true in the general population. The NFL cohort is a research population in which Compared with players without OA, players with OA were older, had higher BMIs, and had poorer health status on the physical and mental health components of the SF-36 (Tables 1 and 2 ). Compared with linebacker/ running back playing positions, linemen were associated with a higher prevalence of OA. Wide receiver, cornerback/safety, quarterback, and special teams positions were less likely to report OA (Table 1) . Players with OA were more likely to report cardiovascular disease, hypertension, diabetes, and depression than those without OA (Table 2) .
Overall, 43.4% of retirees players reported a physician diagnosis of any type of arthritis and 37.9% reported a physician diagnosis of OA (Table 3) . Arthritis was far more common in the retirees compared with the general U.S males (43.4% vs. 19.5%; Figure 1 ). This disparity was greatest in males under the age of 60 years: 40.6% of retirees and 11.7% U.S. males reported arthritis in this age group. On the other hand, in males 60 years and older, 49.2% of retirees and 41.9% U.S. males reported arthritis.
The arthritis prevalence ratio was 2.2 (95%CI: 2.1, 2.3) across all ages groups and 2.5 (95%CI: 3.3, 3.7) in those under 60 years of age. The prevalence ratio was even higher in the younger age groups: 4.5 (95%CI: 4.1, 4.9) in those under 50 years and 6.5 (95%CI: 5.7, 7.5) in those under 40 years.
The retired NFL players reported a high prevalence of injury during their professional playing days. The types of injuries reported included: any knee injuries (52.8%), anterior cruciate ligament tears (ACL; 14.2%), meniscus tears (18.4%), any arm injuries (36.1%), any ankle injuries (24.3%), any ligament/tendon injuries (74.1%), any ligament injuries (35.6%), any tendon injuries (32.8%), joint dislocations (35.7%), fracture (0.8%), and disc ruptures/herniations (10.9%). In models adjusting for age and BMI at time of survey, individuals with history of injury (specifically, ACL and meniscus tears, shoulder, elbow, or wrist injury, any ligament injury, any joint dislocation, any fracture, and any disc rupture/herniation) all had an elevated prevalence of OA (Table 4) . The results of unadjusted analyses (not shown) were very similar to the adjusted models.
Discussion
In this study, the prevalence of arthritis was higher in retired NFL players than in the general US male population. However, the excess of arthritis was concentrated in those under the age of 60 years, and was far less apparent in older age categories. This suggests that the onset of arthritis is accelerated, but not increased over the whole lifespan, in the NFL retiree population. Longevity of play did not appear to have a large influence on whether OA was developed, as shown in Table 1 . The high incidence and severity of joint injury in football likely accelerates development of degenerative arthritis or OA, creating an excess of early-onset arthritis in NFL arthritis. However, OA is the most common form of arthritis. In addition, the Health Survey of Retired NFL Players did not include joint-specific questions about arthritis. Thus, analyses of the association between OA and injury were limited because we were unable to link the site of injury to the site of OA. Compared with the 2001 survey, the 2002 NHIS survey includes a more comprehensive self-report arthritis question ("some form of arthritis, rheumatoid arthritis, gout, lupus, or fibromyalgia"), which may be more comparable to question used in the NFL questionnaire. A similar selfreport arthritis question was used in the Behavioral Risk to study the effect of those stresses in the general population. Injury prevention and good rehabilitation after injury may be key elements to maximizing health status over one's lifetime, not just in the NFL, but in the general population, too. This study includes a large, representative sample of retired football players with a wide range of ages and professional football experiences. The response rate to the mailed survey was high at 70%. Several limitations are present in this study. The NHIS does not include specific questions about OA or degenerative arthritis, but had a general question about physician-diagnosed Factor Surveillance System with moderate validity compared with rheumatologist assessment of arthritis. 21 Despite differences in the phrasing of the arthritis questions, the prevalence of self-report arthritis among adult males is very similar between the 2001 and 2002 NHIS data. Thus, we chose to use the 2001 NHIS data since it was the same year that the retired NFL player data were collected. Another limitation of this study is the measure of OA. Self-report of physician-diagnosed OA may not be as valid as radiographic evidence of joint disease. Selfreport of knee or hip joint pain or swelling as a predictor of OA diagnosis has been found to have a sensitivity ≥ 40% and a specificity ≥ 80% in a sample of Australian older twins. 22 Although we did not obtain radiographic or medical record data for this study, we suspect that the retired NFL players may be able to more accurately self-report OA, specifically physician-diagnosed OA, than the general population because they are better aware of their physical condition. In a readministration of our instrument on a subsample of 83 subjects, 3 to 5 years after the original administration of the instrument, we found a kappa of 0.49 (95% CI 0.30 to 0.68) for OA and 0.52 (95% CI 0.34 to 0.70) for overall arthritis. Similar findings have been reported elsewhere in the literature. 23 
Conclusion
Arthritis is more prevalent, especially in younger age categories, in retired NFL players than in U.S. males. The type, frequency, and severity of injury likely account for differences in arthritis prevalence between retired football players and the general U.S. male population. Further research of the retired NFL players should examine the relationship of injury type with the specific joint site of OA and whether specific joint OA is associated with the comorbidities of cardiovascular disease, hypertension, and depression.
